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In the fall of 1956, the Pennsylvania Department of Highways con-
structed ,the first of two experimental continuously reinforced concrete
pavements on Route 111, near York, Pennsylvania 0
Under the sponsorship of the American Iron and Steel Institute,
the Fritz Engineering Laboratory at Lehigh University, planned and in-
stalled an instrumentation arrangement to measure some of the phenomena
which normally occur at cracks in a pavement of this typeo
In this project, measurements were made of the strain in the bar-
mat reinforcing steel in a uniform 9-inch pavement 0 In addition, studies
were conducted of the crack frequency, the crack width, and the slab
temperature 0
This report gives details of construction and instrumentation,
presents the instrumentation data and describes the pavement behavior
during the first five years of serviceo
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1 0 IN'! ROD U C T 1,0 N
The trends in pavement design have moved slowly towards the use
of longer pavement slabso Historically, the first concrete pavement in
the United States, at Bellefontaine, Ohio, consisted of plain concrete
blocks five to six feet square and six inches thick & Under the influ-
ences of experience and research in the field, reinforced pavement slabs
have been increased in size to encompass l2-foot lane widths,. lengths of
from 30 to 100 feet, and thicknesses of from 6 to 10 inches or moree
The use of .steel reinforcement has been utilized as a means of tying
cracks in the pavement together, and to give the pavement slabs some
additional flexural strengthe
The design of conventional reinforced cqncrete highway slabs,
with load-transfer joints every 30 to 100 feet, is based upon the as-
sumption that minor thermal cracking will occur between the joints, and
that all deformations will be mobilized at the load-transfer jointso
This form of construction, though quite successful ~n the context of
previous experience, is .. not t~e optimum condition that can be accom-
plished with reinforced concrete pavements 0
For many years, highway engineers have given thought to the de-
sign and construction of .reinforced concrete pavements, based on the
principle that if cracks which form were held tightly together, there
was no reason why the pavement cracking could not be permitted to occur
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at any natural interval 0 The mere existence of cracks does no signifi-
cant damage; the damage occurs when'~these cracks become of such width
as to permit ,pavement pumping and extreme strains in the steel due to
vehicle loads 0 Thus we have a continuously reinforced concrete pavement
where the logical emphasis would be taken away from stress considerations'
and be placed on the relation between the strain in the steel and the
width of ,crack opening 0
Such pavements have been constructed as experimental projects
•in New Jersey, California"Illinois, Indiana, Texas, Pennsylvania, and
Maryland 0
Fundamentally, the behavior of a given continuously reinforced
concrete pavement is dependent upon at least three factors: the shrink-
age of the concrete; expansion and cQtntract:ton,cc:;£aused by temperature; and
strains induced by imposed external wheel loads.
The initial behavior of concrete is such as to initiate internal
capillary forces which attempt to contract the concrete by what is gen-
erally referred to as "shrinkage". In reinforced pavements, the restraints
offered.by the bonded steel and the subgrade will establish net tensile
forces in the concrete. When this tensile force is of the magnitude of
the rupture strength, a shrinkage crack will form.
The temperature mechanism of cracking for continuously reinforced
pavements is quite similar, except that the·contraction of concrete is not
due to shrinkage, but caused by a decrease in temperature.
Once the first crack develops, the steel at the·crack will try to
maintain the continuity of the pavement 0 Since practically full restraint
exists near each end of the pavement, any tensile strain that develops
at cracks must be carried by the reinforcing steel-in the immediate
vicinity of the crack 0 As a result, the reinforcing steel. spanning each
crack must either contain the strain within its elastic limit by losing
bond with the surrounding concrete, or yield in tension.
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It is certain that the shrinkage and temperature-induced strain-
ing are in operation to varying degrees of magnitude at all times. Ini-
tially, the shrinkage concept is probably the predominant one, while at
a ,later age the temperature mechanism will be the major oneo Initially,
all cracks are probably due to shrinkage, and these cracks may well set
the pattern of future behavior 0
The effects of wheel loads on a continuously-reinforced pavement
are such as to catagorize the behavior as no longer. rigid, but semiflex-
ible, with almost complete interaction between the bonded cracked slabs,
provided the aggregate interlock is not destroyedo
The objectives of the study made at Lehigh University were pri-
marily of a factual nature for a highway under service conditions. To
accomplish this, it was necessary to determine the behavior at a crack
by measuring the crack width opening and the strains in the steel. In
actuality, the strains in the steel are only of importance when they
are' of such magnitude as to permit a crack to open to objectionable
widths 0 The basic study was made to determine the crack width and steel
strain as a function of the thermal oscillationsQ
2Q G E,N E R-A L DES C RIP T ION
The experimental section of Route 111 is six miles north of
York, and is a part of the main North-South highway in Pennsylvania,
linking Harrisburg with Baltimore, Maryland 0 This highway is a dual-
lane road with two l2-foot lanes in eaGh traffic direction.
The total length of the continuously reinforced section is
11,559 feeto The pavement is uniformly 9 ~nches in thickness, resting
on a 6-inch granular subbase e
T~e longitudinal reinforcement for each lane consisted of
·twenty Noo 5 hard-grade, deformed steel bars with a nominal diameter
of 5/8-incho These bars, comprisi.ng aO.5% cross-section area of the
pav'ement, had been fabricated into m~ts 16 feet long, with. seven 'No.
3 deformed bars to provide transverse ,reinforcement, as shown in
Fig. 1.
The mats were placed at the vertical center of the pavement.on
a 4-1/2 inch thick spreader run of concreteo Several mats were instal-
led, allowing an end overlap of 1 fto with adjacent mats to maintain
reinforcement continuityo Then the paving equipment was backed up and
the strike-off run of concrete. was placedo
As shown in, Fig. 2, ~idway.between the ends' of the pavement, in
the outside N~rth-bound traffic lane, special gages were installed ,to
facilitate the measurement of temperature and longitudinal strain ~n the
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vicinity of a transverse pavement crack that would develop at an arti-
ficially induced plane of weakness:
Brass plugs were installed on each side of the plane of weakness
near the edge of the pavement, to allow the measurement of crack opening
.with a lO-inch Whittemore gage.
Resistance wire temperature gages were placed at selected loca-
tions in the ,pavement, and in the insulation course to indicate the
local temperature, and also to permit a study of the effects of vertical
temperature gradation.
Bakelite SR-4 strain gages were attached to the surface of six
of the longitudinal reinforcing bars comprising a mat. These gages were
located at the preformed crack and at distances 2 ft. and 4 ft. to each
side of the cracko
In order to provide, a smooth surface for attaching the strain
gages, the deformations on each bar were removed. for a distance of 2 in.
at every gage location. This reduced.the nominal diameter of the bar
from ,5/8 inch to. 9/16 inch and. resulted in a 20% reduction of cross-
section in each gaged bar, or a 6% reduction in the total steel across
the crack.
The electrical leads from ggges within the pavement, were carried
underground through a metal conduit to a terminal box at the edge of the
highway right-ai-way (Fig. 3).
The pavement was placed at the instrumented panel at 1:10 P.M.
on October 10, 1956. Gage readings taken immediately after the 'surface
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finishing operation, provided a basis for all subsequent measurements.
During the first 10 days after the pavement was placed, gage
readings were taken every few hours throughout the day and night to de-
termine the initial behavior of the panel.
For the next 39 months readings were tak~n at approximately
30 day intervals. After January 17, 1960 the interval between readings
was extended to 90 days and this schedule was followed unti1- September
12, 1961 when readings were stoppedo
-8
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3 . INS T RUM E, N TAT ION 'D ETA I L S
Six longitudinal reinforcing rods at the selected test panel
were gaged to measure the strains occurring at the instigated crack and
also at distances of 2 fto 'and 4 fto on each side of,the crack 0 These'
rods were shipped directly from the manufacturer to Fritz; Engineering
Laboratory and were prepared for installation several weeks prior to the
start of paving operations 0
Type AB-3 wire strain gages were attached to the rods as strain
transducers, Figo 4. They were arranged to allow the measurement of
direct strain, average strain, ,and bending strains; depending upon their
position in the electrical instrument circuit.
-9
To obtain a smooth surface suitable for attaching the gages, it
was necessary to remove the deformations from the deformed-bars. Their
nominal diameter of SIB-inch was reduced to 9/16-inch by machining in a
lathe. This reduction in diameter, over a.2-inch long section of bar,
provided adequate space for attaching and waterproofing the gages 0 It
reduced the cross-sectional area of each rod 20% and, in a 9-inch thick
pavement, neduced the total, cross-sectional area of, the steel reinforce-
ment 6%0 Also, it was found that a more ductile material resulted from
the removal of the cold-worked outer surface of the deformed bar (Fig. 5).
Cylindrical ovens were designed ,to produce the correct amount of
heat ,to cure the "epoxy resins and synthetic rubber materials used to
. .
..
Fig. 3 GAGE TERMINAL~BOARD INSTALLATION
"Fig. 4 ATTACHING AND WATERPROOFING SR~4 GAGES
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cement and water-proof the gages on the long rods(Figo 6)0 Special jigs
and clamps were fabricated and used to apply the required pressure-to
assure a good bond between the gages and the steelo A procedure was de-
veloped that allowed a continuous process with uniform gage installation
on each of. the reinforcing rodso
After all rods were gaged, completely wired, and checked .for
electrical stability, they were placed in wooden boxes to await shipment
to the test siteo
The alloy wire used in SR-4 ,ggge:s is sensi tive to temperature as
well as straino While this temperature sensitivity is very small com-
pared with that of strain, it must be considered in cases where accurate
measurements are to be made under varying temperature conditions.
The four-arm bridge circuit used in most electrical strain
reading instruments provides a means for the correction of errors due to
temperature changes 0 This involves the use of a temperature cbmpensating
gage that must- be subjected to all of the conditions of the active gage
except straino When this gage and the strain measuring gage comprise
adjacent-arms of a four-arm bridge circuit, only the strains in the active
gage influences the output of the bridgeo
Two temperature-compensating gages were prepared for use at the
test panel, Figo 7. A strain gage was attached. to each side of a mild
steel plate 3 inches long by 1 inch wide by 1/4-inch thick. The gages
were waterproofed and the plate was inserted into a rubber envelope.
This device, when placed in the concrete pavement, would be subjected
to the same temperature conditions as the rein£orci~g rods, but would not
-13
'Fig. 6 HEAT CURING GAGE ATTACHMENT CEMENT
Fig. 7 SR-4 GAGE TEMPERATURE COMPENSATION
PLATES
be affected by external strain-producing loads 0
As the paving operation;approached the site of the test panel,
all transducers and gaged rods were put into place (Figo 8). At the
instrumented panel, six of the bars' comprising a standard mat section
were removed and replaced with gaged bar$o Small steel support frames
were used to hold the reinforcing rods in the desired position until the
concrete was placed (Figo 9).
A conventional Whittemore strain gage, with a 10=in. gage length
and a range of 0010-ino (and least count of l/lO,OOO-inch) was used to
measure the width of the instigated crack at each test panelQ A mild
steel calibration bar provided a standard gage reference for measurements
that would. be made at regular intervals for an extended period of time.
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Two brass plugs, liZ-inch in diameter and 3-inch long, provided /
• receptacles for the conic points of the gageQ Prior to installation into
the pavement, the plugs were placed in a jig and a thin metal strip sol-
dered between them, (Figo 10)0 This maintained an exact separation of 10
inches between the countersunk holes that had been drilled into one end
of each plugo
Two sets of plugs were placed on the surface of the pavement at
the test panelQ The section was spanned by a set near each edge of the
lane where the preformed shrinkage crack would form along the transverse
plane of weakness (Figo 11)0
The plugs were inserted into the freshly poured pavement and
allowed to remain until the concrete had hardened enough to provide a
rigid bondQ The metal connec"ting strip was then removed from the top of
Fig. 8 FIELD INSTALLATION OF GAGED BARS
J:I',1g. Y SUPPORT CHAIRS FOR BAR-:MAT
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Fig. 10 JIG FOR WHITTEMORE GAGE PLUGS
Fig. 11 WHITTEMORE PLUG INSTALLATION
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the plugs by melting the soft solder joints with the flame f~om a small
... ~,.,I ,
gas tprcho This left the plugs firmly anchored within the usable
0.10-in6 range of the-Whittemore gageo
When the metal connecting strips were removed, the "Zero ll measure-
menta were made and recordedo
Several types of temperature transducers were ,considered for use
in the measurement of temperature at selected pqsitions within the pave-
ment structureo
While investigating the possibilities of a temperature sensitive
resistance-wire measuring device, it became apparent that a properly de-
signed gage of this type could be used,with a conventional strain 1n-
dicating instrument to obtain very accurate measurementso Also, it per-
mitted making all of, the electrical measurements with only one instru-
ment, thus reducing the time and equipment required to collect data.at
the test siteo
Small gages to meet this need were not commercially available,
so special ones, were designed and .manufactured at Fritz Engineering
Laboratory to suit the particular requirements,
The temperature s~nsitive element consisted of approximately
33 inches of Noo Forty, 9908% nickel wire with Formvar insulatiouo This
wire was cut to a length. having a resistance of 17 ohms at a temperature
of 70o Fo A loop was formed in the wire and, the free ends were soldered
to standard two-cqnductor gage leads 0 Only 1/8 of an inch of insulation
was removed froID.the ends of the wires, and with a small soldering iron
it was possible to make a sound solder joint without melting the adjacent
insulationo
The attached loop was then wrapped around the two gage-leads ap-
proximately 1/4 of an inch back from their ends, and the end of the loop
,was held in place with a drop of plastic cement 0 The comparative stiff-
ness of the heavier gage lead wires prevented electrical shorting of .the
soldered ends until the water-proofing and protective coatings were ap-
plied to the gageo
The completed gage, Fig. 12 was only about 3/16 of an inc3\fn
diameter, and provided a means of?btaining temperature measurements at
a precise location within the pavement structureo
In order to use these gages as an active arm of a 120 ohms-p¢r-
-18
arm bridge circuit, it was necessary to add a fixed resistance of 103 ohms
in series with the 17, ohms provided by the temperature sensitive nickel
wire (Figo 13).
The fixed resistors were made with Noo 34, cotton insulated,
Advance wire, having a resistance of 7052 ohms per footo They were
wound on fiber-glass cores and given a protective coating of insulating
varnisho Several of ,these resistors were tested and found to have no
o 0
significant sensitivity to temperature changes between 30 F. and 140 F.
Since the nickel wire had a nominal temperature coeff~cient of resistance
of 00006, while that of the Advance wire was only !O.OOOZ, it seemed
reasonable to assume that any change in the resistance of the 120 ohm ,
circuit would be due to the temperature sensitivity of the nickel Mire
in the transducer.
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Fig. 12 COMPLETED TEMPERATURE GAGES
Fig. 13 INSTRUMENT TERMINAL BOARD IN USE
Extreme care in the construction of these gages enabled the use
of the same calibration factor with an entire lot of 70 gages and ,with
less than 1% differential error within a temperature range of 0° F. and
120o:F~ When used with -standard 120-ohm strain gage instruments,
o115 micro in~/in. of indicated strain was equal to 1 Fo change of tem-
perature at the gage.
When an electric current flows in a circuit, heat is generated
-20
by the resistance of the conducting materials. With constant input
voltage" the temperature of this mat~ria1 will rise until the dissipation
of the heat by radiation 'or thermal conductivity is equal to the heat
that is generated. It-was found that this phenomenon caused a sudden
rise in the indicated temperature from each of the gages as they were
switched into the instrument circuit, but that after about 10 seconds,
this "self-heating" stabilized and reliable measurements could be obtainedo
All gages were calibrated at a ~nown temperature after they were
attached to the terminal board at the construction siteo Before instal-
lation into the pavement, they were submerged.in an insulated water. bath
and checked with a laboratory mercury-column thermometer. The indicated
resistance of the gage at this static temperature formed the basis for
all subsequent measurementQ
Five temperature gages were installed in the pavement &nd base
course. Gages #36 and. #40 were placed at each edge of the lane at the
center of the pavement depth. Three other gages were placed at the longi-
tudinal center line of the pavement with gage #37 one inch into the base
course, gage #38 one inch up from the bottom of the slab and gage #39 one
inch below the pavement surface.
-21
·40 PAVEME.NT BE.HAVIOR
By! October of 1957, the pavement at York had been under observa-
tion for a full year 0 The highway had remained closed to the public
while some of the bridges were being completed, and very little traffic
had passed over the instrument~d panelo
The behavior of the pavement during the first few days after
pouring provided very interesting information. Definite trends were
evident, and individual gage response fitted well into the expected
patterno However, the most significant feature of the e~rly behavior did
not become apparent for several months, and may best be reviewed after a
presentation of the strain history throughout the entire first year of the
pavement life.
The very close relationship between. strain in the reinforcing
steel, crack width and air temperature is shown in Figo 14, where the
individual strains in the steel bars and pavement crack widths have been
averaged for simplicity of presentation. Individual gage data have been
plotted in Figs 0 1,]; through 40 in the Appendix 0
During the first few weeks after construction, when the strain
in the reinforcing bars remained in the low elastic range, the restraining
influence of the tie-bar. connected adjacent pavement lane had a measurable
effect upon the general strain pattern in the ihstrumented sectiono How-
ever, after a transverse crack had occurred. in the adjacent lane within
the mutually effective tie-bar area, both lanes tended to move as a .unit
1t-t-t-.t-t-t-lr-++-+-+++--I-f-+-+4, 1_.J+,j-il-H--i-- +-++++--i-"'t~---H -+ '
I~ I-t
Jj
"+
-22
--t'- - , 1-+ H'+-H+++++++---N...--+-++++++++--t-t-++-f--+-+-+H+l-+---I--Jl-l---I--+-lI
,kl,,!·+ I-+-I,-l"l·-I···~ -14 !--+--·j.--l-··~··I-+-+,·Jil.--I -f
-. ~ -
It++-I-t:ft-t-+++-+++-f-+-+-+++-I-I---t-I--J--+--l-~...J-----I--.-- +-+-+1f----1-+--+-+++++~+-++j++_+-+++-+-4-l-+----iJ-I.-+- .I->-~ 1- I t-f I-+---*,*",I--+H-~f--I-I'Ft;~ii-rMttt=rti+H+r-r-++~+--+-++-I--J-.-HHH--+ -H'+-l.I++-H--l-H-~-++'t+1:1+~,H+tt~+H++=t+Pf--~-J4J\~~I+:-~+{f-{j'r»'-~'_+I-l-'kJ:'~t-HII-+~~~-I--+-l+-HHH+-t--t--l-+-W-t--H-+-+-H--W-+-4--H-+--W-+--W-W-lt-t--t-HI-+++--+++--I-+++-+-+--I-++-I-+-+-~-+-I-+---I-fI
"-'--'~~--
~~~~~~~~~~~.FF~~~~~~I~EmtEEtta~~itttttemUJ
Elf!t!m~mE:mttta:amttm~ttmWJ:amtltit~Hb±tl3±tIJB±tfi±tt±t~~±t&±±±±±:E±!B". ct:
::>
(!)
u.
o
at)
'0N o
~23
and the differential movement between the two lanes became much l~ss
noticeableo
Thirty days after the pavement was poured, the effects of colder
weather started to become noticeable in the pavemento With decreasing
P'
,temperature, the instigated crack opened wider and tension strains in-
creased in the reinforcing bars spanning the crack. Strains in the steel
2 feet away from the crack indicated a slight compressiono
When strain in the steel bars at the crack had reached .2000 micro-
ino/in~, it became apparent that the minor influences of warping, localized
temperature distribution, and precise bar alignment had become less 8ig-
nificant when compared with-the overwhelming effects of the temperature-
induced longitudinal strainingo
By the end of the second month, when the air temperature was at
o
52 Fe, the crack was open to a width of 15,000 micro-inches and the
gaged bars, across the crack were beginning to yield in tension at 2800
micro-in.fino straino The gages on the bars at each .side of the crack
were indicating a change from compression to,tensiono
After the steel bars began to yield in tension, determination of
the maximum strains within the yield range became more complex~ Al-
though yielding was localized within the reduced area of each bar, it was
not necessarily cdnfined within the smaller area covered by the resistance
"I:
wire gageo
Extrapolation of the temperature-strain and crack,width-strain
curves, combined with a knowledge of prior_strain history and character-
istics oftha steel bars, provided a reasonable accurate record of strain
256.11 -24
history within the yield range. Seasonal strain reversals, forcing the
steel to cycle through the elastic range permitted frequent opportunities
to compare the behavior of the yielded bars with their earlier strain
historyo
During, January of 1957, when the pavement was 3 months old,
a
measurements were made when the temperature was 22 F. The crack width
had increased to 23,000 micro-inches and the gaged bars at the crack
were strained to 3600 micro-in./in. in tension, or beyond the yield point ..'
Tension strains in the gaged bars away from the crack had reached only
150 micro-in./iue
;This was the lowest temperature at which readings were made on
the gages, but temperature records at a nearby airport ~ndicate that a
o
.:low of 2 F. was recorded during this month. Considering the previous
ratio of change in strain with change in temperature, it is probabl~
,that at this extreme low in temperature, the stra~ns in the bars at the
crack<reached 4000 micro-ino/in. and the crack opened to 27,000 micro-
inches.
For the next three. months the temperature was in the warming
phase of, its yearly cycle. The crack opening. and steel strain at the
crack reversed their direction and approached the condition that existed
shortly after the pavement was ,pouredo Gages located on .the bars at each
side of the crack, where the tensile strains had previously remained .. in
the low elastic range of the steel, began to indicate significant com~
pression.
Throughout the Spring and Summer of 1957, measurements were made
o 0
when the temperature was between 70 Fo and 80 F., although it was known
that in the time interval between these periodic measurements, the tem-
o
perature fluctuated within a range of 40 F.
During this time, while the crack width remained about 8000
micro-inches, the gaged bars at the crack were yielded in compression
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until they retained only 100 micro-in. lin. of. their former tensile strain.
These same bars, at a distance of 2 feet away from the crack, were then
yielding in compression with a strain of 3300 micro-in. lin.
In order to explain the development of this unusual strain pat-
tern, it was necessary to review and understand the behavior of the pave-
ment when the instigated crack occurredo
The pavement was poured at the instrumented panel when the tem-
o
perature was 60 Fo, and the crack. was formed at the induced plane of
o
_weakness 40 hours later when the temperature had dropped to 25 F.
During the following 3 days, the temperature fluctuated through a range
o
of 30 F~ and the measured crack width responded in proportion to these
temperature changes.
In the test panel, relatively large differential movements
occurred between the concrete and steel within 40 hours after the pave-
ment was poured~
Although the reinforcing steel was strain-sensitive to the
changing temperature, there seemed to be very little relationship between
the amplitude of the strain in the bars and the width of the·crack opening.
This apparent independent action of the steel and the concrete continued
for two weeks after the pavement was poured, but when the .seasonal cooling
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cycle started, a reasonable ratio could be established between tempera-
ture, crack width, and steel strain at the cracka
Figs a 15A and 15B show the phenomena which occurred during. the
development of the crack along the induced plane of weakness. Since the
instigated crack was the first crack to form in a center section of the
pavement, free end influence did not exist. Therefore points A and·~l
may be considered as being in areas of complete restraint. Due to shrink-
age and finally to temperature, relatively high tensile forces developed
at Band Bl in the concrete, and a crack formed in the plane of weakness
at x. The developing bond along the. reinforcing bar C did.not have suf-
ficient strength to transfer these forces from the concrete into the bar.
As a result, all of the adhesive bond in the vicinity of the crack was
destroyed.
Constant temperature cycling during the first few days of pave-
ment life prevented the reformation of adhesive bond, and a purely me-
chanical bond was developed at the extreme limits of differential move-
ment between the concrete and the deformations on the reinforcing bar.
As the concrete developed addi,tional strength, the relatively free
independent movement between the concrete and the reinforcing bar was con-
fined within the limited range of movement established when the concrete
was weak 0 Strains measured in the bar at Xl and X2 indicated that the
loss of bond extended to these points, but that the range of free dif-
ferential movement diminished as the distance from the crack became
greatero
This mechanical bond action could be compared with a.bolt that
fits loosely into a threaded hole. It has adequate strength for transferring
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forces in either tension or compression, but allows a short range of tree
movement during a reversal of the loadinge
When lower temperatures and continuing shrinkage opened the
crack beyond the range of free movement, 'the s train was trans-ferred into
the reinforcing bare Crack width apd strain in the bar at X increased
in proportion with the decrease in temperature througQgut the progressive
cooling cycle, but gages located at Xl and X2 on the bar indicated only
mild tension straino
Since the coefficient of expansion in steel and concrete are
practically the same, all of th~ temperature-induced strain in the bar
and concrete were mobilized at the crack to produce sufficient tension
to cause yielding at Xo
With the approach of Spring, the temperature began to rise.
The strain direction reversed, and the tension strain at-X was gradually
relievedo
Earlier yielding had increased the length of the reinforcing
bar at X~ and therefore compressive straining occurred at this point
before the crack was closede Since friction was the only restraint to
movement within the established free movement area of the mechanical
bond, this strain was carried along the 'bar to some points beyond Xt
and i Z' into the area of true bondo
As the higher temperatures of Summer continued to increase the
compression stresses in the pavement, "creep" in the concrete allowed
additional strain to be imposed upon the baro Compression strains at
Xl and X2 were increased to the-yield point while the bar at X was
yielded in compression and returned_very near to its original length.
After the first year of pavement life and the beginning of the
cooling phase of the Fall temperature cycle, all measurements showed a
definite reversal in direction of straining and were returning to a
condition of tension. This strain pattern has continued to be very
closely related to the seasonal air temperature, although the temperature
of. the pavement itself has had a more direct.bearing on the change of
strain during the daily temperature cycling.
By the second year of pavement life, the crack pattern at each
side of the preformed crack had ;.'~eveloped to the extent that slight
vertical deflections occurred under very heavy whe~l loads (Fig. 16) .
This permitted some bending in the reinforcement and the effect is
~vident in the strain records made on the top and bottom surfaces of
the bars during the entire period of pavement observationo
There was very little pavement elongation or "growth" during
..... ·"ti{;,f
the five years of observationo On the south end~df the continuous pave-
ment, where a finger-type bridge expansion joint connects the project to
o
conventional pavement, there was a measured growth of O~25 inch at 70 F.
after five years of serviceo At the north end of the project, four
standard expansion dowel-bar assemblies were placed 6105 feet. apart in
a standard 10 inch thick conventional pavement to allow end movement
of the experimental pavement 0 From observation it appears that the
movement of the continuous pavement has influenced only the first ex-
pansion joint adjacent to it, and that total growth at this end has been
less than at the south endo
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After five years of service, the continuous pavement is in ex~
cellent conditiouo No maintenance has been required, nor is there evi-
dence of any distress which would eventually require repairs 0 Approxi-
mately 60% of the transverse cracks have stab~lized and none of the
active cracks appear to be opening to an excessive width. The riding
quality of the pavement remains constantly good and does not seem to be
influenced by wheel loads or seasonal temperature changeso
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The first cracks to appear in a continuously reinforced'concrete
pavement should be the result of shrinkage 0 This tends to fix the pat-
tern for future cracking and probably will remain influential t~!oughout
the life of the pavement.
Although temperature and pavement base friction are the pre-
dominate natural causes of stress in an established pavement, a new
pavement is influenced by many other unpredictable variations of nature.
Humidity, wind, s'un-s'hl~'ne and, in fact, anything which effects the dehy-
dration of the fresh concrete and its bonding to the reinforcing steel
may result in a different crack pattern in pavements which are alike in
design but are constructed in different seasons or under different
weather conditions.
,The effects of temperature induced contraction in the pavement,
acting against the friction of the base course, became predominate in
the test section at York when the.pavement had cured less than twenty-
four hourso With dehydration shrinkage and temperature contraction
occurring simultaneously, the bond of concrete and steel was broken for
several inches on each side of the cracks o This action petmitted ,the
existing cracks to open wider and resulted in longer uncracked:,I.,!,qections.
A more ideal crack pattern would result if a pavement was allowed
to cure for approximately twenty-one days before exposure to extreme
~'
256011 -33
changes in temperature 0 This would allow most of the dehydration and
shrinkage to occur and would be sufficient time to permit the concrete
to establish a satisfactory bond with the reinforcing steel. Temperature
induced contraction WQuld then form new ,cracks instead of opening the
original shrinkage cracks to objectionable widths 0
Temperature is the most damaging influence to which continuously
reinforced pavements are subjectedo Tension strains during cold wea,ther
have an obvious effect upon existing cracks and may cause several new
cracks to form, but the more subtle effects of warm weather compression
are equally important 0
Concrete will creep under prolonged straining, and. if this creep
is excessive it may not fully recover when the direction of straining is
reversedo Compressive strains measured in the test pavement remained
very high th~(bughout the Summer of 1957. Some of this creep probably
influenced the behavior the following Winter and is responsible for the
formation of new cracks and a sli.ght increase in the width 'of - the older
ones 0
There is evidence to indicate that pavement 'tgrowthlt is not
_conf,ined to the extreme ends of a continuously reinforced pavement, but
occurs throughout its entire length when hot weather causes the concrete
and steel to expand.
Only a limited amount of the pavement end. is moved by co-ld
weather contraction 0 Since this is visibly evident in the crack pattern,
it is probably the basis for the belief that all '~rowth" occurs within
.thisarea.
Non-recoverable "creep" occurs in the concrete when high com-
pressive forces develop dur:f..ng very hot wea,ther 0 Yearly infil tration
of foreign matter and dislocation of sand particles in the cracks may
cause additional "creep 11 0 This will continue until sufficient. loss of
bond with the reinforcement permits the pavement to expand and contract
within the elastic range of the concrete and steelo
The free ends of the pavement will be subjected only to forces
equal to the yield strength of the reinforcing steel when the pavement
is in a state of tension, but the forces of compression may be of much
greater magnitude 0
.\.
The first few annual temperature cycles may staQflize the pave-
,I'
roent straining within the elastic range of the steel and the recoverable
creep range of the concreteo Subsequent annual cycling may cause addi-
tional yielding, but only to the extent that the infiltration of silt
into the 1fansverse cracks prevents their complete closure.
After five years of. pavement life, many of the cracks appear
inactive. Slight spallinghas occurred at¥Jheir top edges, but there is
no longer any visible separation of the pavement sections. The steel
reinforcing at these cracks probably has never yielded and the ~bnd loss
is sufficient-to permit the steel to stra~n within its elastic limit.
Infiltration during periods of contraction has filled the cracks and the
steel remains ~n a state of elastic tension 0
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This crack stabilization has occurred at several places 0 In each
case it has occurred-in sections where the crack ~pacing ,is from two to
six feet. 'The average crack pattern throughout the entire pavement is
from seven to ten feet and there are a few sections up to twenty feet in
length without cracks 0
When crack openings exceeded 0020 ino, tension yielding probably
had occurred in all of the deformed steel bars spanning the cracko When
these cracks were forced to cIo,se the steel yielded in compression.
At extremely low temperatures crack widths up to, 1/32 in. may be
expectedo Limited infiltration of silt and water does not appear to re-
sult, in damage, and the cracks close tightly during the warm season.
Crack widths of 1/16 ino or more should be looked upon with suspicion.
They should not occur in a pavement of proper design.
Strain cycling caused some additional loss of bond along,the
baro The approximate amount could be determined when the crack width,
steel strain and steel characteristics-were known. This bond loss will
increase. with the yearly cycle of strain until the steel is capable of
responding 'wi thin i ts elas tic limi to
It should be pointed out that yielding which may occur at normal
cracks is well.within the working capabilities of the steel reinforcement.
(Fig 0 5) 0 The steel which· was used in the pavement at York yielded ·,p.,t '-a
strain of 2,700 micro-ino/ino, yet a strain of 98,000 micro-in./in. would
have, been required to cause ruptureo
When observed from the edge of the pavement~ m~ny of the cracks
which have top surface openings up to 0010 inch wide appear to be entirely
closed at the bottom surfaceo
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The bottom surface absorbs moisture from.the ground and, in cold
weather, may obtain some heat 0 This increases the volume in the lower
portion of the pavement and accounts for some of the difference between
the top and"bottom surface crack widtho Also, the slight flexing action
of wheel loads causes dislocation of fine particles in the t~p portion
of the pavemento These move downward and, in the moist lower portion,
provide an effective sealero As fore~gn matter infiltrates the top
portion of the crack it is then retained, and. if the crack is of moderate
width~ a process is started which may lead to eventual stabiliz~tiono
With 05% reinforcing steel the crack pattern is erratic and
some of the cracks have opened sufficiently to allow the steel to yield.
Although the pavement appears sound and in no immediate distress, it is
believed that, in a nine inch thick pavement, 05% reinforcement is the
minimum amount that should be used o
A more ideal crack pattern will result. when the total yield
strength of the steel in a pavement is greater than the total tensile
strength of the concrete 0 This would cause new cracks to form before the
existing cracks were opened to objectional widthso
It is quite possible that the construction of an eight inch
thick pavement? with the same volume and type of reinforcem~nt as that
used in the nine inch test pavem~nt, would result in.a better crack pat-
tern and h~nce a more durable highway 0
There still remain many questions as to the ideal combination
of steel percentage, type of bonding surf~ce, pavement thickness and size
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of reinforcing bars 0 The test pavement at York, Pennsylvania will furnish
information on one of these combinations and should provide a smooth
maintenance-free highway for many years 0
~' !
The experiences with continuously reinforced~dncretepavements
-37
in Pennsylvania have been encouraging 0 Much remains to be learned before
an ultimate design can be specified, but it is bel~eved that design based
on currently available knowledge could produce highways of superior riding
qualities and greater durabilityo
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TABLE 10 PROPERTIES OF MATERIALS - YORK PROJECT
-40
REPORT ON AIR-ENTRAINED CONCRETE
(Pennsylvania Department of Highways Tests)
Proportions Used~ 1 - 1.79 = 305
Cement Factor/Cubic Yard: 6025
Water per bag~ low of 4~88 to high of 5032
Slump: Low of 1-3/8 to high of.~c2-5/8
% Entrained,Air: low of 200 to high of 302
Type of Mixer: 34E
o 0
Air Temperature ranged from 40 to 86
STRUCTURAL. PROPERTIES OF CONCRETE
(Pennsylvania Department of Highways Tests)
Age Results (psi)
Test (days) Number of Samples Min 0 Max. Avgo
·,i~'tiBe'Am'· 10 7 594 713 653
Beam 11 4 632 685 658
Beam 12 2 607 710 658
Beam 13 1 -- - --- 690
Cylinder 3 6 1970 2450 2210
Cylinder 7 2 3110 3440 3275
Cylinder 10 8 2770 3720 3260
Cylinder 28 5 3770 4840 4200
REPORT ON REINFORCING· STEEL
(Fritz Laboratory - Lehigh University)
(Average of 10 specimens - variation between specimens less than 1% of
maximum)
Size: 5/8 inches
Area: 0031 square inch
Yield stress: 68~OOO psi
Ultimate stress: 120,000 psi
Elongation: 9%
The steel conformed to ASTM Specifications A-15-54T for hard grade
steel and.A-30S-54T for deformations 0
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TABLE 20 INSTRUMENTATION DATA - YORK PROJECT
Date of
Measurements 10/17/56 11/1/56 11/8/56 12/6/56 1/24/57 2/28/57 3/27/57 4/28/57
Days of
Pavement Life 7 21 28 56 105 140 167 199
Air
Temperature 72°,F 71° F 59° F 51° F 22° F 27° F ~42° F 74° F
Resistance Wire S~ain Gages (micro-ino/ino)
Gage Noo 5 51 -30 270 2852 2510 2210 1116 -207
-
6 29 -50 266 2888 3437 3486 2565 995
7 176 69 396 3427 6471 5271 3272 1484
8 71 -37 328.; -
-
"'" - -
V 9 170 72 350 2713 2207 2798 2471 1811
\:f 10 112 0 351 3180 3523 '3676 2973 1767
11 189 72 415 3003 3158 3430 2552 730
12 75 -8 315 2920 3460 3105 1796 -
13 106 ~ 51 371 3083 - ~ - 1732
14 384 407 631 1791 1804 1922 1058 240
15 112 103 381 2573 . 4813 3926 .,2420 1216
16 79 61 359 2493 4523 3526 1603 20·6,
17 19 10 33 64 516 131 -721 -2030
18 46 29 36 78 85 -178 122 -2091
19 29 11 21 52 94 -159 -891 -1993
20 48 22 29 ·67 69 "'191 -873 -1109
21 ,43 -111 -68 58 435 81 -651 -1485
22 27 -148 -626 -437 -267 -347 -1186 -2908
23 120 92 113 155 170 -87 =810 -1991
24 32 24 27 54 60 -200 -930 -2110
25 69 30 41 83 83 -189 -887 -1940
26 50 -230 -90 43 -82 -200 -731 -1365
27 55 36 43 64 63 -195 -935 -2035
28 26 7 20 48 47 -204 -922 -2015 i
-"
256 0 11 -42
TABLE 20 INSTRUMENTATION,DATA - YORK PROJECT (continued)
Date of
Measurements 10/17/56 11/1/56 11/8/56 12/6/56 1/24/57 2/28/57 3/27/57' 4/28/57
Days of
Pavement Life 7 21 28 56 105 140 167 199
Air t'
T,emperature 72° F 71oi:~:;F 59° F ,510 F 22° F 27° F 42° F 74° F
Crack Width Measurements (inches)
East Side +00087 +00016 +00073 +.0152 +.0257 +00229 +.0160 +.0093
;
West Side +00083 +00028 +00085 +00142 +00203 +00176 +00140 +.0093
Pavement Temperature (Degrees Fahrenhei,t)
Gage Noo 36 ~ 5803 4706 3602 20.1 2500 3707 82.0
~'~:
37 'I 61.1 4902 3704 24.4 3302 40.0 77.1
~,
'f
38 ~' 5902 4707 3509 21.7 3002 38.4 78.4
L
r
39 ~, 63,07 4802 3700 2207 2001 3104 82.4
Ii'
f 58Q9 4708 3606 _20.4 21'01 3709 81.440: '
/
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TABLE 20 INSTRUMENTATION DATA = YORK PROJECT (continued)
Date of
Measurements 5/29/57 6/26/57 7/26/57 9/19/57 10/29/57
Days of
Pavement Life 230 258 288 343 383
Air
Temperature 69° F 74° F 77° F 76° F 46° F
Resistance Wire Strain Gages (micro=ino/ino)
Gage NOe 5 -1044 -1586 -2170 -1710 499
6 254 =4 =278 -287 660
7 1136 1450 1576 1753 3135
8 - ... - - -
9 1238 887 638 610 2414
10 912 628 502 630 2179
11 -140 -533 ··.... 687 -185 1190
12 ... ... - - .-
13 1033 800 683 1049 -
14 -88 -568 ~218 -100 2022
15
~
955 680 740 2132927
16 -391 -179 141 331 1910
17 -2808 -3320 -3585 -3346 -2330
18 -2464 -1889 -1564 -1113 -506
19 -2559 -2628 -2639 -2572 -1943
\
20 -1423 -1149 -966 -866 =241
21 -1741 -1770 -1272 -718 49
22 -3506 -3106 =-1960 -366 274
23 -2700 -3266 -3495 -3083 -2478
24 -2776 -3163 -3223 -3043 .... 2409
. 25 -2507 -2402 -2059 -1872 -1241
26 -1568 -1631 -1417 -1231 -690
27 -2647 -2748 -2673 ~2545 -1937
.1
28 -2776 -2987 -2577 -2212 -1560
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TABLE 20 INSTRUMENTATION DATA - YORK PROJECT (continued)
Date' of
Measurements 5/29/57 6/26/57 7/26/57 9/19/57 10/29/57
Days of
,Pavement Life 230 ,258 288 343 383
Air
Temperature 69° F 74° F 7'7° F 76° F 46° F
"'I"
Whittemore Strain Data
East ;End +00080 +.0095 +00083 i ",:,+.0102 +.0252
West End +00077 +00093 +00083 +00102 +.0230
Pavement Temperat~re,.('Degrees Fahrenhei t)
Gage Noo 36 7408 7208 79.5 75.1 4707
37 71.3 7701 79.6 7402 48.0
38 7103 7408 7805 ,·7309 4705
39 8802 7800 9005 7906 4407
40 740,8 7307 8008 75.1 47.6
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TABLE 20 INSTRUMENTATION DATA - YORK PROJECT (continued)
".Date of
Measurements 10/29/57 12/11/57 1/22/58 2/26/58 4/2/58 4/30/58 6/4/58
'Days of
Pavement Life 383 436 498 533 568 596 631
Air
Temperature 46° F 27° F 34° F 38° F 54° F 50° F 76° F
.Resistance Wire Strain Gages (micro-iuo/inQ)
Gage Noo 5 499 1457 989 579 -461 -1391 -2161
6 660 1635 1536 1481 911 -149 -149
7 3135 - - - - - -
8 - - - -- - - -
9 2414 2346 1251 851 491 641 481
10 2179 2775 2170 1560 880 780 10
11 1190 1630 1500 920 195 ... 155 -705
12 .... .- =>
- - - -
13 - - - - - - -
14 2022 3504 3204 2574 1824 1524 . 1064
15 2132 2212 1372 112-7 527 477 -313
16 1910 1951 1111 891 471 341 -99
17 -2330 -1838 -1733 -2168 . -2588 -2678 -,2958
18 -506 -454 -624 -644 -774 -664 -564
19 -1943 -1826 -1966 -2016 -2206 -2136 -2226
20 -241 -141 -301 -341 ... 491 -491' -6,41
21 49 '289 249 229 1 -131 -221
22 274 307 157 167 . 47 97 67
23 -2478 -2388 -2558 -2578" -2678 -2588 -2518
24 -2409 -2343 -2513 -2543 -2723 -2643 -2673
25 -1241 -1153 -1323 -1353 -1523 -1463 -1573
26 -690 -1702 -1852 -1842 -1922 -1892 -1902
27 -1937 -2848 -3018 -3038 -3198 -3208 -3468
28
-lJiJfQ.· -1593 -1823 -1773 -1893 -1913 -2053
TABLE 20 INSTRUMENTATION DATA = YORK PROJECT (Continued)
-46
Date of
Measurements 10/29/57 12/11/57 1/22/58 2/26/58 4/2/58 . 4/30/58 6/4/58
Days of
Pavement Life 38';~f-;'-: 436 498 533 568 596 631
Air
Temperature 46° ,F 27° F 34° F 38° F 54° F 50° F 76° F
Whittemore Strain Data
East End I ' '00254 00433 00340 00320 00253 .0251 .0.226
West End 00230 00379 00290 00255 00224 ~O228 .0205
Pavement Temperature <Degrees Fahrenheit)
Gage No. 35 - .... 40.0 45.2 6302 7203 91.9
36 47.7 3208 3100 47.9 57.3 6000 8105
37 4800 39.9 28.0 34.2 5804 .58.4 77.0
38 47.5 3607 3100 3800 5303 5901 81.0
39 4407 28 01 3708 46.6 4700 7607 10102
40 47.6 33.8 2801 35.8 5306 5706 7804
TABLE 20 INSTRUMENTATION DATA - YORK PROJECT (continued)
Date of
Measurements 7/9/58 8/5/58 9/8/58 10/8/58 11/13/58 12/10/58 1/21/59
Days of
Pavement Life 664 691 725 755 791 818 860
Air
Temperature 80° F 84° F 70° F 65° F 55° F . 20° F 54° F
Resistance Wi~e Strain Gages (micro-ino/ino)
Gage Noo 5 "'2801 -3411 -3121 -2591 -2311 -1041 -1091
6 -739 =-719 -359 -69 11 651 371
7 .... .... - - -= - -
8 .... - - - - - -
9 461 521 711 511 491 831 331
-~c·";':J,F'~, ",. ~.·i~ :.
10 170 ;,-1060 -180 -20 .-40 320 ,2(f-.'·~
~
,-
II -965 -975 -835 -2385 2255 -435 -2275
12 - .... - - - - -
13 - .... - - - - -
"14 914 1064 1414 1204 1444, 1944 1404
15 -533 -483 -483 ) 157 -193 297 -213
16 -199 -199 26 -19 81 3,71 131
17 -2978 -2868 -2598 -2238 -1708 -1108 ~_16,28
18 -349 -244 18 -94 -4 36 166
-1606
I
-178619 -2276 -2256 -2076 -1906 -1816
20 -746 -701 -541 -351 -281 -101 -271
21 -171 -1 229 479 699 999 879
. '.""';-; ,', ··'·f.~h : ,. -..... ~;-~/~. :.:m-..:.~~.....~,';.:~ .~~"";r.t~~~·:r;:.-~;.L~.~:'~ ...".......-::~~ .1' ~'F"i,.""".".~~
~w*,-,.:~,.-",,·
I ~.• •._- L..~ I '.,
22 22 117 327 487 547 717 637
,23
-2368 -2318 -2178 -2028 -1948 -1778 -1958
24 .... 2553 -2453 -2243 -2043 -1953 -1713 -1903
25 -1518 -1363 -1123 - 933 -863 -693 -873
26 -1897 -1852 -1682 =1572 =1522 -1392 -1522
27 -3468 -3388 -3178 -2968 -2958 -2758 -2958
28 -2163 -2173 =1983 ... 1853 -1803 -1643 -1833
TABLE 20 INSTRUMENTATION DATA - YORK PROJECT (continued)
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~
Date of
Measurements 7/9/58 8/5/58 9/8/58 10/8/58 11/13/58 12/10/58 1/21/59
Days of
Pavement Life 664 691 725 755 791 818 860
Air
Temperature 800 F 84° F 70° F 65° F 55° F 20° F 54° F
Whittemor~ Strain Data
East End 00236 ~O233 00253 00295 00353 00480 00403
West End 00213 00209 00223 .0240 00304 00369 00307
Pavemen.t Temperature (Deg'r:ees' Fahrenhei t)
Gage Noo 35 9502 1060 2 8002 8009 6407 2908 5909
36 8805 9001 8304 6400 5504 28.8 5708
37 8501 8300 7908 60.5 6203 28.4 .. 2902
38 89.0 8800 8307 6401 5601 30.9 3307
39 10404 111.4 100.0 85.0 5402 .37.0 50 08
40 8509 86'03 8006 6101 5206 2606 3400
TABLE, 20 INSTRUMENTATION DATA - YORK PROJECT (continued)
. Date of
Measurements 3/18/59 5/28/59 7/15/59 8/19/59 10/8/59 12/10/59
Days of
Pavement Life 916 987 1035 1070 1120 1120
Air
. Temperature 32° F 85° F 70° F '-85° F 76° F 41° F
Resistance Wire Strain Gages (micro-ino/ino)
Gage Nco 5 -271 -1831 -1661 -2311 -676 =111
6 711 -519 ~414 -1174 -59 ~551
7 - .... => - - -
8 = - - - .... -
9 481 481 811 476 891 741
10 .... 100 -860 -820 -1290 -1580 -540
11 .... 3055 -5705 ,-2545 -39.,65 I ~2055 -1875
,- .... ~~ ... - - I •
12 - """ - - - -
13 - - .... - - ....
14 1464 194 389 -1886 -2346 -6
15 -343 -1113 -1663 -1943 -1323 -973
16 . 213 -1469 -1209 .,..1894 -1229 -39
17 -1788 -2988 -2898 -3138 -2808 -2268
18 186 =-334 -124 -524 -134 326
.19 -1606 -2176 -2076 -2376 -2051 -1706
20 -81 .... 591 -451 -671 -331 189
21 1009 319 509 -329 769 1199
22 767 247 . 387 152 437 837
23 -1758 -2278 -2168 -2358 -2108 -1748
24 -1733 -2543 -2503 -3033 -2393 -1723
25 -683 -1143 =973 -860 -873 =603
26 -1362 -1712 -1542 -1692 -1412 -1142
27 -2758· -3238 -3098 -3278 -2948 -2648
28 -1593 -2123 -1978 =2203 -1813 -1563
TABLE 20 INSTRUMENTATION DATA = YORK PROJECT (continued)
-50
Date of
Measurements 3/18/59 5/28/59 7/15/59 8/19/59 10/8/59 12/10/59
Days of
,Pavement Life 916 987 1035 1070 i!iM~~ 1120
Air
Temperature 32° F 85° F '70 0 .F 85° F 76° F 41° F
Whittemor~ Strain Data
East End 00355 0,0335 00371 ~O338 00371 00436
West End 00293 00269 00295 00271 .0294 00349
Pavement Temperature {Degre'es Fahrenhei t?
Gage Noo 35 3 :Jio 5 10200 7608 9906 83~6 49.4
l ~~
36 41~8 8809 7907 10007 8009 3905
37 3806 8209 8202 92~O '78.5 3605
38 4106 8708 8408 9805 82 0 0 39 ~ 4
39 5903 10808 8607 12304 9202 5208
40 3805 8408 7802 9607 7709 3507
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TABLE 2G INSTRUMENTATION· DATE -- YORK PROJECT (continued)
Date of
Measurements 1/27/60 4/11/60 11/1/60 2/15/61 5/15/§il 9/12/61
Days of
Pavement Life 1231 1306 1509 1615 1704 1833
Air
Temperature 42° F 52° F 54° F 41° F 78° F 74° F
Resistance Wire Strain Gages (micro-ino/ino)
~
Gage Noo 5 -81 -581 -1091 -1212 -860 -720
6 -581 -89 -39 -46 -64 -420
7 - - - - - -
8 """ - .- - - -
9 631 381 901 846 676 782
10 -950 -380 -,1410 -612 -212 -1280
11 -1365 ... 2155 -1135 -1300 -1760 -2010
12
-
.... ....
- - -
13 .... .... - - - -
14 -364 -2446 -1636 -1090 -870 -2020
15 =553 -1638 -1073 -915 -960 -1250
16 -231 -939 -1599 -880 -60 -1170
17 -2318 -2858 -2978 -2120 -2340 -2690
18 126 36 146 .,290 20 -95
19 -1606 =1846 ",,1826 -1560 -1770 -1970
20 189 29 189 140 -,90 -280
21 1289 1038 1039 1160 940 810
22 877 687 707 830 685 410
23 -1698 =1873 -1728 -1680 -1840 -2020
24 -1623 -1998 -1973 -1 700.:",:':',·,; -, ~::(~,!, ~"~~~~'~ ott0 .- . -2285
25 -573 -803 -883 -590 -676 -820
26 -1256 -1242 .... 942 -1090 -1250 -1400
27 -2718 -2828 -2688 -2600 -2780 -2860
28 -1533 =1693 -1623 -1510 -1660 -1790
.TABLE 20 INSTRUMENTATION. DATA -YORK PROJECT (continued)
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. Date of
Measurements 1/27/60 4/11/60 11/1/60 2/15/61 5/15/61 9/12/61'
Days of
Pavement Life .1231 1306 1509 1615 1704 1833
Air
Temperature 42° F 52° F 54° F 41° F 780 F 74° F
Whittemore Strain Data
East·End 00427 00381 .0443 a0420 00460 .0468
West End 00333 e0315 .0353 00342 00292 ,.0290
Pavement Temperature (Degrees Fahrenheit)
Gage-'Noo 35 53a4 6100 6201 4605 8204 84.0
36 3207 6207 5900 37 02 8100 81.6
37 32.7 54.2 57.8 34.9 77.5 80.9
38 3408 5909 6102 41.3 8009 83.2
39 4608 6800 6606 5207 86.4 89.6
40 30.0 58.8 5603 37 02 76.2 7805
256011 -53
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